Abstract-In 1981 Longuet-Higgins represented the world point by two vectors in the two camera reference frames and developed the essential matrix. Such a matrix is a relation between the corresponding image points on the two images of a world point on a rigid scene.
I. INTRODUCTION
Extracting a 3D shape from two images (views) captured of a rigid scene from two different standpoints is a basic component of the recovery of structure and motion from a sequence of camera images. Establishing a relation between the tokens of the two images was a challenge before the computer vision community.
Longuet-Higgins [3] was the pioneer in establishing a mathematical relation between the pairs of points on the two images; that is the essential matrix. Since then the extraction of 3D structure from two views became prominent in the computer vision literature. The main feature of the essential matrix is its independence of the scene structure, i.e. independent of the extrinsic camera parameters. The extrinsic camera parameters are the position and orientation of the camera with respect to the world coordinate system. Such a matrix encapsulates the relationships between pairs of corresponding points on the two views. Corresponding points are the projection of a world point on the two views.
Trucco and Verri [5] presented Higgins' derivation of the essential matrix in a slightly different manner. They formulated the two-view problem as the product of tree planar vectors, and then they extracted the fundamental Manuscript received April 17, 2012, revised May 21, 2012. T. Basta is with Al Ghurair University, Dubai, UAE (e-mail: tayebasta@ gmail.com). matrix formula.
The work of Longuet-Higgins was supplemented by the work of Faugeras [2] , who developed the essential matrix into the fundamental matrix which is independent of both extrinsic and intrinsic camera parameters. Intrinsic camera parameters include coordinates of the principal points, pixel aspect ratio, and focal lengths.
Since then a large number of publications appeared in the computer vision discipline to estimate the essential and fundamental matrices.
The contribution of this paper is to thoroughly reexamine the theory of Higgins' algorithm to disclose mathematical flaws in deriving the essential matrix.
The rest of the paper is as follows: Section 2 is a basic presentation of the epipolar geometry and the essential matrix. Section 3 introduces Longuet-Higgins' algorithm followed by identifying its flaw. In Section 4 presents Longuet-Higgins' derivation approach as presented by Trucco and Verri followed by clarifying the misconception that occurred in such a presentation. Finally, the current work concludes in Section 5.
II. ESSENTIAL MATRIX DERIVATION
From the standpoint of image analysis, the images of a scene are represented by sets of points with coordinates in the left and right camera coordinate frames. The epipolar geometry that represents the two-view extraction problem can be depicted as follows: a world point (2) The calculation of the essential matrix requires the knowledge of eight pairs of corresponding points [3] . The unavailability of a procedure that generates eight accurate pairs of corresponding points led researchers to focus their attention on developing new estimation methods and improving existing ones. Usually shortcomings of such methods are attributed to image noise, outliers (i.e. mismatches in correspondences), rounding errors, and the like. The theory of the essential matrix remains unquestionable.
III. FLAWS IN LONGUET-HIGGINS' DERIVATION APPROACH
The right camera reference frame is obtained by a translation t to the right of the left camera position followed by a rotation R to direct the right camera towards the scene. Longuet-Higgins [3] [6] . Remember that the vector V is nothing but l M expressed in the right reference frame. As Fig. 1 
The entity E is not a transformation matrix. The other possibility is that E is not a transformation matrix from the left reference frame to the right one. The vector l M is defined with respect to the left reference frame; the vector satisfy the coplanarity condition: : The matrices R and t are the rotation and translation of the right reference frame with respect to the left reference frame. The vectors l M and t are defined in the left camera frame which coincides with the world coordinate system. Therefore, the vector t M − l is also defined in the left camera frame. The production of a scalar by a 3D vector is another vector defined in the same coordinate system, and the production of a 3×3 scalar matrix by a 3D vector is another 3D vector defined in the same coordinate system. Thus, the vector )
is a vector defined in the left camera frame.
r M is defined in the right camera frame. The coordinates of the point M in a coordinate system is equal to the components of its position vector in that coordinate system. Equation (5) 
The vectors v
T the right camera frame. In such a case, it does mean that the components of the vector r M in the right camera frame (i.e. the coordinates of the point M in the right camera frame) are equal to the components of the vector )
